From the leaves of Microbiota decussata (Cupressaceae) biflavones: cupressuflavone, amentoflavone and 7-O-methylamentoflavone were isolated and identified. The amount of cupressuflavone in Microbiota decussata and xCupressocyparis leylandii (Leyland cypress) (Cupressaceae) was determined by HPLC (1.82% and 0.83%, respectively). The chemical composition of essential oils from bark and leaves of Microbiota decussata was established by GC-MS (GC-FID) analysis. As a major component thujopsene (39.2% and 45.9%, respectively) was identified. Wiridiflorol (3.0%) and τ-muurolol (0.3%) were present only in leaves but globulol (1.5%) exclusively in bark. The content of essential oils in M. decussata was high Ð 5.4% in bark and 12.6% in leaves. The essential oils from M. decussata and xC. leylandii were bioassayed towards different fungi of the genus Fusarium. Leyland cypress essential oil at 2% concentration fully inhibited the growth of all fungi.
Introduction
As a part of our research on the family Cupressaceae (Krauze-Baranowska et al., 1999; Mardarowicz et al., 1998) , biflavones and essential oils were investigated in the leaves and the bark of Microbiota decussata Kom. This species is a monoecius evergreen bush, which in natural habitant grows on the Sikhote-Alin mountain rigde (Russia) (Raldugin et al., 1981; Tkachev et al., 1991) . M. decussata represents a monotypic genus of the Cupressaceae (Raldugin et al., 1981; Tkachev et al., 1991) . The chemical composition of M. decussata is not entirely known. Tkachev et al. (1991) and Raldugin et al. (1981) isolated from the needles of M. decussata a number of sesquiterpene alcohols, among them microbiotol-a rarely occurring secondary metabolite in the plant kingdom. Besides the above mentioned sesquiterpene alcohol as a major constituent, in the essential oil from needles Melching et al. (1998) showed the presence of the sesquiterpene hydrocarbon Ð α-microbiotene.
Continuing the study on antifungal activity of essential oils (Krauze-Baranowska et al., 2002) we have also bioassayed the oils hydrodistillated from M. decussata and xCupressocyparis leylandii (Dall. et Jacks.) (Leyland cypress) (Cupressaceae) (Mar-0939Ð5075/2002/1100Ð0998 $ 06.00 " 2002 Verlag der Zeitschrift für Naturforschung, Tübingen · www.znaturforsch.com · D darowicz et al., 1999) . The chemical composition of the latter was determined by Mardarowicz et al. (1999) . ∆-3-Carene, sabinene and limonene were indicated as the main components in quantities higher than 15%.
Material and Methods

Plant material
The terminal branches of Microbiota decussata Kom. (Cupressaceae) were collected in the Medicinal Plant Garden of Medical University of Gdań sk (Poland) in October 1999. A voucher specimen of the plant (99Ð013) has been deposited at the Herbarium of the Department of Pharmacognosy, Medical University of Gdań sk (Poland).
Extraction and isolation of biflavones
The dried and pulverized leaves (60 g) were extracted successively with petroleum ether, chloroform and methanol in a Soxhlet apparatus. The isolation of biflavones was performed from the methanol extract by preparative column chromatography on Sephadex LH-20 column (25 g, 45 ¥ 1.5 cm, MeOH) giving compound 1 (eluates 10Ð 15, 4 ml each) (150 mg). Compound 2 (8 mg) and compound 3 (5 mg) were purified by re-chromatography on Sephadex LH-20 column (10 g, 20 ¥ 1.5 cm, MeOH) from eluates 16Ð19 and eluates 21Ð23, respectively. 
13
C NMR (DMSO-d 6 ) δ: 182.4 (C-4,4Љ), 163.9 (C-2,2Љ), 162.8 (C-7,7Љ), 161.4 (C-5,5Љ), 161.2 (C-4,4ٞ), 155.2 (C-9,9Љ), 128.3 (C-2Ј,6Ј2ٞ,6ٞ), 121.5 (C-1Ј,1ٞ), 116.2 (C-3Ј,5Ј, 3ٞ,5ٞ), 104.1 (C-10,10Љ), 103.0 (C-3,3Љ), 98.8 (C-6,6Љ), 98.6 (C-8,8Љ). The tertiary carbons were revealed by a DEPT experiment.
Compound 2: 
C NMR (DMSO-d 6 ) δ: 182.7 (C-4Љ), 182.6 (C-4), 165.8 (C-7), 164.7 (C-2), 164.3 (C-2Љ), 162.7 (C-7Љ), 161.8 (C-4ٞ), 161.7 (C-5), 161.2 (C-5Љ), 160.4 (C-4Ј), 157.9 (C-9), 155.1 (C-9Љ), 132.1 (C-2Ј), 128.8 (C-2ٞ,6ٞ), 128.6 (C-6Ј), 122.0 (C-1ٞ), 121.4 (C-1Ј), 120.7 (C-3Ј), 116.9 (C-5Ј), 116.4 (C-3ٞ,5ٞ), 105.3 (C-10), 104.7 (C-8Љ), 104.2 (C-10Љ), 103.7 (C-3), 103.2 (C-3Љ), 99.3 (C-6Љ), 98.7 (C-6), 56.7 (OCH 3 (Krauze-Baranowska et al., 1999) and ROESY experiments.
C NMR data are in agreement with the literature data (Markham, 1982) .
TLC was performed on polyamide 11 F 254 (Merck) and HPTLC RP-18 F 254 (Merck) plates using different mobile phases: 1-chloroform:methanol:methylethylketone (4:2:3 v/v/v) and 2-methanol:water:formic acid (70:30:6 v/v/v) (KrauzeBaranowska and Malinowska, 2002) .
HPLC analysis was carried out on Spherisorb ODS II column (250 ¥ 4 mm, 5µm, Merck) with mobile phase tetrahydrofuran:water:phosphoric acid (40:60:1 v/v/v), flow rate 0.8 ml/min., UV-330 nm (Krauze-Baranowska et al., 1999) . For the quantitative analysis of cupressuflavone, the leaves of Microbiota decussata (0.5 g) and xCupressocyparis leylandii (1.0 g) were preliminary purification with petroleum ether and chloroform in a Soxhlet apparatus. Biflavones were extracted from the plant material with methanol (100 ml) and injected.
Isolation of essential oils
Dried and pulverized leaves and bark (10 g) were hydrodistilled as described in the literature (Pharmacopea Polonica V, 1995) . The obtained essential oils were kept in a sealed glass tube at 4 ∞C until analysis. The essential oil from leaves of xCupressocyparis leylandii was hydrodistillated by Mardarowicz et al. ( 1999) and kept under the above conditions until antifungal assay.
Gas chromatography
GC analysis was performed on a Carlo Erba GC 6000 (Italy) gas chromatograph equipped with a flame ionization detector (FID) and fitted with a DB-5 fused silica capillary column (30 ¥ 0.25 mm, 0.25 µm thickness); the temperature programming was as follows: 35 ∞C (2 min.), 4 ∞C/min., 280 ∞C (15 min.); carrier gas helium, flow rate 1 ml/min. GC-MSÐITS-40 (Finningan MAT, USA), MS 70eV, 220 ∞C.
Antifungal activity
According to the procedure previously described by Krauze-Baranowska and Wiwart (2002) the essential oils were dissolved in MeOH and bioassayed in concentrations 2%, 5%, 10% (Morris et al., 1979) towards Fusarium culmorum (W. G. Sm.) Sacc., Fusarium poae (Mart.) Appel. Wollenw. and Fusarium solani (Beck.) Wollenw. The last fungus was isolated directly from a patient with confirmed hialohyphomycosis of the shank (Dynowska, 1998; Krauze-Baranowska et al., 2002) . Inhibitory effect on the growth of fungi was determined by measurements of the length of germinating tubes (n-21) using a computer-aided image analysis (Oh et al., 1996) . For statistical analysis Student-Newman Kuels test was employed.
Results and Disscusion
From the methanolic extract from the leaves of Microbiota decussata the following biflavones, unknown earlier in this species, have been isolated and identified: cupressuflavone (1), 7-O-methylamentoflavone (2) and amentoflavone (3). Their structures were elucidated on the basis of UV, EI-MS, LSI-MS and by comparison of 1D, 2D NMR spectra-DEPT, (Table I ) with the literature data (Geiger and Markham, 1996; Krauze-Baranowska et al., 1999; Markham, 1982; Wollenweber et al., 1998) . In the 13 C NMR spectrum of compound 1 two carbon signals with very similar values of chemical shifts at 98.8 and 98.6 ppm characteristic for non-substituted carbon in position C-6 of biflavone (Markham, 1982) were observed, that confirmed the presence of C8-C8Ј bond of biapigenin skeleton. Regarding the data of DEPT spectrum the above signals have been distinguished as not substituted carbon C-6 (98.8 ppm) and substituted Table I. 1 H NMR data of the biflavones 1Ð3, recorded in DMSO-d 6 at ambient temperature at 500 MHz. Assignments were made according to Markham (1982) ham, 1982; Wollenweber et al., 1998) , that demonstrated the downfield shift of the carbons C-8/C-8Ј of cupressuflavone below 100 ppm (between 102Ð 104 ppm). On the other hand this in agreement with values of chemical shifts of parallel carbon C-8/C-8Ј of 4Ј-O-methylcupressuflavone (KrauzeBaranowska et al., 1999) . According to Geiger and Markham (1996) H COSY, ROESY spectra and heterocorrelation experiments HMBC, HSQC. The spectral data of compound 3 were identical with described previously (Krauze- Baranowska et al., 1999; Markham, 1982; Wollenweber et al., 1998) and confirmed its structure as amentoflavone.
The results of quantitative analysis by employing HPLC indicated, that high concentration of cupressuflavone in M. decussata Ð 1.82% and Cupressocyparis leylandii Ð 0.83% in contrary to a small amount of amentoflavone characterizes these both species. This interesting fact is contradictory to previous statements of Gadek and Quinn (1986) , who describe amentoflavone as the basic chemotaxonomic marker for most species of the family Cupressaceae. Furthermore, it was shown that analyzed plants can be considered as a very rich source of cupressuflavone in plant kingdom.
The content of essential oils in the bark and the leaves of M. decussata was high and considerably variable from 5.4% to 12.6%, respectively. The chemical composition of the oils from M. decussata was elucidated employing GC with MS and FID detection. The identification of components was verified by comparison the mass spectra with previously published spectra and confirmed by comparison of temperature retention indicies (Poole and Schütte, 1984) with the published index data (NIST, Terpene Library of Finningan, MAT). The quantitative composition of oils was analyzed by GC (FID) by internal normalization assuming identical mass response factor for all compounds. In our studies, only those components which were present in the oils in amounts higher than 0.1% (2), 189(10), 175(4), 161(15), 148(6), 147(7), 133(33) have been taken into consideration. About 48 constituents were determined, among them 41 were identified in the essential oil from leaves of M. decussata and 40 in the essential oil from bark. Moreover 18 components occurred in amounts over 1% in leaves and 15 in bark. The qualitative composition of both essential oils was similar, with some exceptions-wiridiflorol (3.0%) and τ-muurolol (0.3%) were present only in leaves but globulol (1.5%) was revealed only in bark. The quantitative differences have been also observed in the following compounds: α-pinene (0.2% in leaves, 1.4% in bark), ∆ 3 -carene (2.0% to 7.3%), widdrol (3.8% to 6.7%) were presented in higher concen-trations in bark but limonene (1.4% to 0.6%), hedycaryol (2.1% to 0.6%), 4--hydroxygermacra-1(10),5-diene (2.1% to 0.3%), caryophyllene oxide (1.7% to 0.5%) and nerolidyl acetate (2.4% to 0.7%) were dominated in leaves. Sesquiterpenethujopsene was identified as a major constituent of both essential oils in concentations Ð 39.2% in leaves and 45.9% in bark (Table II) . In contrary to previously reported data, an occurrence of microbiotene (Melching et al., 1998 ) and microbiotol (Raldugin et al., 1981 : Tkachev et al., 1991 in the analyzed essential oils from M. decussata have not been confirmed. Otherwise, in the investigated essential oils have been detected such sesquiterpene alcohols as α-bisabolol, hedycaryol andeudesmol, which were isolated earlier together with thujopsan-2α-ol by Raldugin et al. (1981) from the needles of M. decussata, in the following concentrations: 3%, 47%, 0.5%, 35%. The contents determined by us of hedycaryol and α-bisabolol in epi-form varied between 2.1%Ð0.6% and 1.5%Ð1.2% respectively, but -eudesmol appeared in a 0.2% concentration in the bark and as trace in leaves (Table II) . It is woth to notice that Raldugin et al. (1981) suggested the possibility of a partial nonenzymatic dehydratation of thujopsan-2α-ol to thujopsene, what could explain the high content of the latter in the essential oils from M. decussata. Nevertheless, the obtained results can also lead to the conclusion, that different chemical types occur within the genus Microbiota.
The antifungal activity of the essential oils from M. decussata and xC. leylandii was compared. Inhibitory effect of the investigated oils on the growth of fungi in liquid medium was estimated using a computer-aided image analysis coupled to Antifungal activity is estimated as % inhibition of growth of germ tubes, mean ð SEM at a 2% concentration of essential oil in the mixture methanol/liquid medium (18:82 v/v) and significant difference from the control (methanol/liquid medium 20:80 v/v) is p < 0.01, * p < 0.05. a microscope (Oh et al., 1996) . Bioassays were performed towards three genus of fungi from the species Fusarium-F. solani, F. poae and F. culmorum. Suprisingly, the analyzed essential oils showed significant diversity regarding antifungal activity. The oil from the leaves of xC. leylandii at concentration 2% fully inhibited the growth of germinating tubes of all fungi (Table III) . The two essential oils from M. decussata, at the same concentration, showed poor-moderate (30Ð50% inhibition), moderate (50Ð70% inhibition) or good (above 70% inhibition) antifungal activity, depending on the species of fungus (Table III) . It is interesting, that such different effects of fungicidal action of oils from M. decussata and xC. leylandii can be explained by significant differences in chemical composition. In the oil from xC. leylandii monoterpene hydrocarbons (ca. 58%) were present as the main components: ∆-3-carene, limonene, sabinene and α-pinene (Mardarowicz et al., 1998) whereas in the oils of M. decussata sesquiterpene hydrocarbone-thujopsene was determined. The above results are in agreement with our earlier report (Krauze-Baranowska et al., 2002) , and confirm the antifungal activiy of monoterpene hydrocarbons in contrast to less active sesquiterpene. Previously, Lis-Balchin et al. (1998) reported that sesquiterpenes of essential oils are inactive against fungi. In spite of the very close content of thujopsene (39.2% to 45.9%) some differences in antifungal activity of essential oils from leaves and bark of M. decussata have been revealed. The antifungal activity was similar towards Fusarium poae (79.8%, 72.4% inhibition) but different towards F. solani and F. culmorum. The essential oil from leaves was stronger towards F. solani (95.8% inhi-bition) than hydrodistillated oil from the bark (68.7% inhibition) (Table III) . Nevertheless, the latter had slighty higher activity (50.4% inhibition) against F. culmorum than the essential oil from leaves (37.4% inhibition). The above difference can indicate that specific sensitivity of the genus of fungus towards thujopsene is possible. On the other hand, the observed diversity can be linked to the presence wiridiflorol in the oil from leaves or globulol in the oil from bark, although the effect of some other constituents present in amounts comparatively higher in the oil from leaves or in the oil from bark can not be excluded (Table III) .
